Andrographis paniculata (Burm. f.) Nees is a traditional medicinal plant with valuable phytochemical and pharmacological potential. Growth and morphological responses to light and N can be useful measurements to determine favorable growing conditions for A. paniculata. Despite numerous findings on other medicinal and aromatic plants, there is little information about how light and N affect growth and morphology A. paniculata.
Researchers are studying the agronomic requirements to enhance the growth and quality of A. paniculata (Ramesh et al. 2011; Mishra and Jain 2013) .
Studies have reported that light and N can affect growth and morphology of A. paniculata. Plants grown under shaded conditions were taller with greater leaf, stem and root dry mass (Pitono et al. 1996) , and developed larger surface leaf area (Palaniswamy 2005) than sun-grown plants. But a study also found that growth and yield were similar between shaded and sun-grown plants (Zaharah et al. 2002) . Compared to light, N affects growth more than photosynthesis. Growth and yield of A. paniculata increases when fertilized with increasing rates of N, studies show (Sanjutha et al. 2008) . But applying more than 557.7mg N per 3kg soil reduced total dry mass and relative growth rate of plants (Singh and Singh 2004) . In another study, applying 45kg ha -1 manure and 60kg N ha -1 produced the tallest A.
paniculata with the greatest number of leaves and total dry matter. But this combination of cow dung and N produced the lowest root dry matter (Parvin 2007) .
Another study found A. paniculata increased its total dry mass when fertilized with 200kg N ha -1 (Ambarwati 2008) . In addition, fertilizing with 60kg N ha -1 can increase leaf area and leaf area index (LAI) of A. paniculata (Tiwari et al. 2012) .
Understanding how A. paniculata responds to light and N may improve the management practices under different conditions. Although findings are available on the effects of light and N on A. paniculata, the information is lacking. This study aims to find out whether varying levels of shade and N affects growth and morphological response of A. paniculata.
Materials and methods

Plant Materials and Seedling Establishment
This study involved growing and sampling A. Studies have reported that A. paniculata seeds are difficult to germinate because of inherent dormancy (Chauhan et al. 2009; Gagare and Mate 2009; Talei et al. 2012; Wong et al 2015) . To break dormancy, one thousand seeds were first soaked in hot water at 50°C for three minutes (Saraswathy et al. 2004) . Seeds were then sown between two sheets of filter paper moistened with distilled water in disposable Petri dishes at room temperature (24°C). Seven days after sowing, individual newly emerged seedlings were carefully selected using clean forceps and planted into moistened Jiffy pots (Jiffy-7 ® peat pellets, Hummert TM International, Earth City, MO).
The Jiffy pots were arranged in rectangular plastic trays.
The trays were placed and arranged on a bench under a rain shelter at Farm 2, Universiti Putra Malaysia. To provide extra shading for seedlings, the trays were covered with a layer of green 50% shade nets. Seedlings were irrigated manually by pouring the same volume of distilled water into each tray to remoisten the peat pots.
Irrigation frequency was adjusted depending on weather and stage of seedling growth. Sources of nutrients were urea, triple superphosphate (P2O5) and muriate of potash (K2O).
Nitrogen was side-dressed at the five treatment rates while phosphorus and potassium were both sidedressed at 180kg ha -1 . Nitrogen, phosphorus and potassium were split-applied into three equal doses, with the first dose side-dressed on the day of transplanting, followed by a second and final dose respectively side-dressed 14 and 28 days after transplanting (DAT).
Agronomic and Cultural Management
Plants were irrigated using automatic sprinkler system set at both experimental sites. 
Total Leaf Area Measurement
Before measuring the dry mass of plant parts, a leaf area meter (LI-3100C, LI-COR, Lincoln, Nebraska, USA) was used to measure total leaf area per plant.
Leaves of each plant with petioles intact were gently blotted dry with paper towels. Individual leaves of each plant were then placed diagonally one after another between the guides on the moving lower transparent belt. The leaves on the moving belt were allowed to pass through the leaf area meter. As each leaf passed under the light source, the meter automatically totaled the accumulating leaf area.
Total leaf area per plant was recorded after each sample reading was completed.
Growth Analysis
Sixty uniform healthy seedlings were randomly selected before initiating shade and nitrogen treatments at 0 days after transplanting. The seedlings were measured for initial height, total leaf area and plant dry mass following the methods described previously. Total leaf area and dry mass measurements were used to calculate indices of plant growth and allocation according to the classical approach (Hunt 1982 (Hunt , 1991 (Hunt , 2003 . In the classical approach, basic growth variables were calculated across one harvest-interval, which is the period between two successive harvests.
In this study, the indices measured were total plant dry mass, total shoot dry mass, leaf area ratio (LAR), specific leaf area (SLA), root shoot ratio (RSR), leaf mass ratio (LMR), relative growth rate (RGR) and net assimilation rate (NAR). The initial mass to calculate growth, relative growth rate, and net assimilation rate were the leaf, stem and root dry mass averaged over the 60 randomly selected seedlings at 0 days after transplanting.
Statistical Analysis
For each growth variable, data were analyzed using Leaf area closely relates with its dry mass. paniculata at all sampling times.
Results
Plant Height and Canopy
Leaf Characteristics
Dry Mass Partitioning
Results show that dry mass of A. paniculata increased with increasing age. However, shade and N did not affect (P>0.05) dry mass of plants at 14 and 28 DAT.
Plants started responding to shade and N treatment at 42 and 56 DAT. DAT. This indicated that plants had adjusted the way they partitioned dry mass between roots and shoots. fluctuates strongly in many tropical and temperate ecosystems (Lodge et al. 1994; Farley and Fitter 1999) .
Because of this variation in soil N availability, a welladapted plant must be able to adjust its root system according to timing, rate and amount (Levins 1968).
When soil resources are limiting, the ability to alter root systems to maintain viability and growth, and minimize loss of performance is a key aspect of plasticity. Plants 
